This work dealt with an experimental study about the gravity and concentration effect on the onset of the Taylor-Dean instabilities. The experimental set up consists of two horizontal coaxial truncated cones, the inner cone is rotating and the outer one is at rest. The cones have the same apex angle in such a way we proceed with a constant radial gap of the flow according to quasi-static increasing of the angular rotation speed rate. Under these conditions, one observes by visualization techniques of the flow, the inclination effect of the flow system in the range 0 ≤ α ≤90°. While the, aspect ratio H/d is fixed. Therefore, the gravity and concentration effect is evaluated on the appearance of Taylor-Dean instabilities in the laminar-turbulent transition. For a given angular rotation speed, one measures the different movement characteristic, such that the cells number, the wave number and the phase velocity versus modified Taylor number.
Introduction
Taylor-Dean flow is a combination of: flow between concentric rotating circular cylinders Taylor-Couette flow Taylor [1] and Dean Flow with application of a pressure gradient in the azimuthal direction Dean [2] .
The Taylor-Dean flow is largely studied theoretically and experimentally due to the simplicity of the geometry and the symmetry properties. The so-called flow, have a various applications in the industrial sector (manufacture of paper pulp and the galvanizing line in steel mill industry).
The Taylor-Dean instability was considered theoretically by Diprima [3] , then Hughes and Reid [4] they showed that the stationary modes do not exist. Thereafter, Raney and Chang [5] showed that the stationary modes are replaced axially by the non-symmetrical oscillating stationary mode. Gibson and Cuisinier [6] like Seminara and Hall [7] , studied the same problem but with small gap configuration. Detailed measurement of an azimuthal velocity profile of the basic flow is available in Chen et al. [8] . Joo and Shaqfeh [9] , studied the stability of the flow for a viscoelastic fluid (Oldroyd-B) confined between two contra-rotating concentric cylinders with two different speeds Ω1 and Ω2. That flow is subjected to an azimuthal pressure gradient. Eagles et al. [10] modified the traditional Taylor-Dean flow system, where the inner circular cylinder is rotating and the noncircular outer cylinder is fixed. In order to determine the stability characteristics they have interested to the small gap configuration. In the case of a constant gap or believes in the direction of the basic flow, the flow becomes unstable. Conversely, when the gap decrease the flow becomes stable.
Since then, Brewster, Grosberg and Nissan [11] treated experimentally the problem with presence of the rotation force and azimuth pressure gradient. They were interested in the critical value and the formation conditions of Taylor vortices and they tried to find a common parameter for Dean and TaylorCouette flows. Other experimental work, related to the Taylor-Dean flow, include those of Mutabazi et al. [12] , [13] . In the case of a primary instability in the model of the rollers inclined in displacement which is simply periodic in space and time. Immediately, after the installation of the first instability, there is a second instability, which results in a periodic modulation of the rollers with an axial wavelength of 3 rollers with a lower frequency. Ait.Aider [14] , made an experimental study on the visualization flow of Taylor-Dean in a system with two coaxial cylinders open transversely.
Laghouati and Bouabdallah [15] performed an experimental study of the first modes of instabilities in Taylor-Dean flow in the case of a viscoelastic fluid on the appearance of the two structure modes. They concluded that the wavelength of the triplet mode corresponds to almost three times the wavelength of the primary mode. Using a visualization technique Daimallah and Bouabdallah [16] determined the form of vortices as well as the parameters criticize corresponding according to various rates of concentration of particles and the aspect ratio of system Γ.
In this work, a series of experiments were conducted to determine the combined effect of the concentration particles aluminium in the fluid (C = 2%, C = 6%) as well as the angle of inclination of the system 0 ≤ α ≤ 90°.
At a given concentration 2% and an angle of inclination of the system α. Filling rate is fixed, the speed of rotation of an inner cone is varied until the appearance Taylor-Dean cells.
Experimental device
The experimental device consists of two coaxial cones made of insulating and transparent material (Plexiglas) in order to allow a good visualization of flow regime. Both cones have the same apex angle Ф = 12° giving a constant annular gap δ = d/R 1max where d = (4.85 ± 0.1) mm. The inner cone can rotate and the outer cone is maintained at rest.
Our system is characterized by an outer cone with largest radius R 2max = (45 ± 0.1) mm and lowest radius R 2min = (12± 0.2) mm. The largest radius of the inner cone is R 1max = (40.15 ± 0.1) mm, while the lowest radius is R 1min = (7.15 ± 0.2) mm. The length of the fluid column is fixed at H = (155 ± 0.2) mm. A DC motor connected to the rotating axis by a flexible in order to avoid the adverse effects of vibration ( Figure 1 ) drives the inner cone.
The flow is characterized by several control parameters defined in the Table 1 . 
Geometric Dynamic
Radial Gap :
Aspect ratio: Г = h/d 3.6 ≤ Г ≤ 19. 6 Taylor Number:
This method is based on the light beam reflection on the seeding particles. The light is supplied by an external source located in front of the experimental device. The intensity of the reflected light will depend on the orientation of the aluminium flakes, which are aligned with the local velocity vector. As a consequence, if the velocity vector is axial, the flakes will reflect light strongly and bright zones will appear on the images. On the contrary, if the velocity has a significant radial component, the flakes will R 1max R 2max H be oriented parallel to the light rays and will let the light pass without reflection, giving dark zones on the images 
Rheological behaviour of the visualization product
The visualization product is a solution composed of 20% of Vaseline "Chelalla" oil, 80% of petroleum ether and we change the concentration of Aluminium powder C = 2g/l = 0.2%, C = 6g/l = 0.6%.
We performed rheological measurements for different solutions using an AR2000 quilt-type rotary viscometer; the radius of the rotor is 14 mm and that of the stator is 15 mm.
The results obtained experimentally show that the rheological behaviour of the fluid used is viscoplastic and it is described by the Herschel Bulkley model:
with yield stress τ 0 = 0.022 Pa, consistency k = 0.0035 Pa·sn and power law index n = 1.064. 
Results and discussions
For a fixed concentration C and fluid height H, we proceed to varying the inclination flow system α with a step angle of 5°. For each angle we increase the angular velocity of the inner cone Ω 1 until the appearance of Taylor -Dean Instability. For H = 135mm, which corresponds to aspect ratio, Γ = 19.6 and the concentration C = 0.2%, by varying the inclination angle α as well as the angular velocity Ω 1 of the inner cone, we observe:
For both concentrations, there is the appearance of twisted cells at system tilt angles that varies between 30° ≤ α c ≤ 60°. The so-called cells will give birth to the Taylor-Dean instability (Figure 4) . At α c ≥ 60°, the initial instability is manifested by the presence of two states; a laminar state and a second state in which the inclined rollers are present. By increasing the angular velocity of the inner cone, the flow becomes dependent on time. For higher speeds, the flow becomes turbulent.
For a fixed filling rate Γ = 13.95 and for Ta = 218.9, we observe near the top of the flow system, where the radius is wider, the installation of a single particular vortex, while, the rest of the flow is laminar. The appearance of Taylor-Dean cells is observed at Ta = 270 moving towards the lower part of the system. 
Gravity effect
The Taylor number corresponding to the appearance of the Taylor-Dean instability evolves according to an increasing polynomial law of 2 nd order in function of the filling rate. For a fixed inclination angle α and by increasing the aspect ratio Г, the Taylor number decreases. This means that the free surface has a destabilizing effect. For an angle between 30 ° ≤ αc ≤ 70 °, we observe, the decrease in the Taylor number corresponding to the onset of Taylor-Dean instability. Then after, for a critical angle in the range 70° ≤ α c ≤ 80° the Taylor number increase.
The appearance of primary mode reveals the existence of a minimum α = α c between 75° ≤ α c ≤ 80°. For α = 60°, the effect of gravity increases to inertia. α = 77°, corresponds to the critical threshold of preponderance of the gravity effect. Whereas, α = 80° reduces the inertia effect to the gravity effect. Comparing the two curves we can deduce that the second concentration induces a delay in the appearance of Taylor-Dean instability. The critical angle corresponding to the appearance of Taylor Dean cells is in advance for the second concentration compared to the first one. C=0,6% Figure 7 : Evolution of the Taylor number corresponding to the appearance of Taylor-Dean instability for different filling ratio Γ for both concentrations C = 0.2% and C = 0.6%
Concentration effect
For a given aspect ratio, the value of the critical Taylor number characterizing the onset of Taylor-Dean instability depends on the particles concentration. For a fixed filling rate and by increasing the concentration C, the Taylor number increases for different inclination angle. The addition of solid particles to the flow, increases the fluid viscosity, which inducing an increased internal friction with the suspension. Consequently, the critical Taylor number T D increases Therefore, the increase in the concentration of aluminium particles has a stabilizing effect. 
Conclusion
This study has allowed us to highlight the gravity and concentration effect between rotating coaxial cones for the appearance of Taylor-Dean instability. In this case, we observe the appearance of the primary mode, which corresponds to the propagation of the inclined rolls, but we did not observe the triple mode as in the cylindrical system.
For given filling rate Γ, the critical Taylor number decreases as a function of the inclination angle α between 0 ° and 80 ° and it increases for α between 80 ° and 90 °. Due to the conical shape of the device.
For α = 60 ° the effect of gravity is prevalent compared to inertia. The value of α = 77 ° is the critical threshold of preponderance of the gravity effect and for α = 80 ° the inertia effect is reduced compared to the gravity effect. In particular, for, α ˃ α c = 80 °, we note the onset of the primary mode.
The critical angle corresponding to the appearance of Taylor Dean cells is in advance for the second concentration compared to the first one. The second concentration induces a delay in the appearance of Taylor-Dean instability. Therefore, the concentration of aluminium particles has a stabilizing effect.
